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ABSTRACT 


Aedes  aegyptl  cel  Id  grown  as  suspension  cultures  and  Aedes 
alboplctus  cells  grown  as  monolayer  cultures  have  been  frozen 
and  stored  in  liquid  nitrogen  with  very  little  loss  of  viability. 
Cultures  frozen  in  medium  containing  87.  dimethylsulfoxide  (DMSO) 
yielded  93%  viable  A.  aegyptl  cells  after  storage  in  liquid 
nitrogen  for  1  month.  A.  alboplctus  cells  preserved  similarly 
yielded  a  full  cell  sheet  within  4  to  6  days  after  thawing  and 
were  successfully  carried  through  three  transfers  with  no  apparent 
loss  of  viability. 
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I.  INTRODUCTION* 


de8c^ibedef^8thr«rral  numerous  freezlng  procedures  have  been 

n  5  f  5  preservation  of  animal  cells  in  vitro;  however 

li^ed  S?C  68  !“  pre8ervation  of  cultured  insect  cells  are  very 
limited,  This  paper  describes  a  method  for  preserving  two  strains  of  * 

(MSO).  U<,Uid  nitro,?en  in  the  Presence  ofdimethylsutf oxide 


II.  MATERIALS  AND  METHODS 


sf5S»  r~ -  ".s™  - 

murned  t^puitic  nS..  ""  t"“',“d*4  *■  *«•■>  «d 

*■  ^•ifias^JST.rs  s-d;-““Uy  ~  *•—  — 

d...uJ.Viy^i c*u‘  —  *"  th. -«» 

tBt.rjrdif.™?"1"8’  th'  -  iSSi££i  «»Ua  were  oba.rved  in  .  h—ocyto- 

centrifuged  et  ~ 

rSKT  ln  10  °*  tr“h  *<11“  containing  variou.  coocentr.tleoa 

■  JJ®  oeil  suspensions  were  then  dispensed  as  1-al  samples  into  1  2-ml 
S2-2“-  *“  —  »•“—**  0,  an  auto-tie 

*  This  report  should  not  be  used  as  a  literature  citation  in  material  to 
be  published  in  the  open  literature.  Readers  interested  in  referencing 

«certair’!hi0n-Cdni»Iln*d  h*tein  ,hould  conUct  th«  ••nlor  author  to  * 
escertain  when  and  where  it  may  appear  in  citable  form. 

?***•'  T:D:C*  ,}966*  Eatablishaent  of  a  line  of  mosquito  (Aedes 

MgJESi  L.)  cells  grown  in  vitro.  Nature  211:366-367.  ' - 

Siv*hJ  l967«  Ceil  cultures  derived  from  larvae  of  Aedes 

—  JfflSLSZg  T.  *fig£kST2  ZlZ^- 

in”— ■ •  u«**  *  *•>*». 

*****  Kahlenberg-Clobe  Equipment  Co.,  Sarasota,  Fla. 


TABLE  1.  INVERTEBRATE  MEDIUM 


Component 

Concentration, 

Concentration, 

mg/ liter 

Component 

mg/ liter 

Amino  Acids 

Salts,  etc. 

L-Alanine 

100 

NaCl 

4500 

L-Arginine*HCl 

400 

KC1 

2500 

L-Aspartic  Acid 

300 

CaCl2*2H20 

400 

L-Cyatelno  *HCl 

100 

MgCl2*6H20 

400 

L-Glutamic  Acid 

400 

MgS04’7H20 

400 

Glycine 

400 

NaH2P04'H,0 

Methyl celful, nan  15 

200 

L-HlNtldlne'HGl 

700 

500 

I,-  f  ttnltHjclne 

150 

?nn 

L  revivin'* 

100 

OLutOdd 

3000 

L-Lyslne‘HCl 

300 

L-Methionine 

60 

Vitamins 

L-  Phenyla lanine 

150 

D-Biotin 

i 

L- Proline 

300 

Choline 

50 

L-Serine 

150 

Folic  Acid 

l 

L- Threonine 

75 

Niacinamide 

1 

L-Tryptophan 

50 

Ca  Pantothenate 

2 

L-Tyrosine 

100 

Pyridoxal*HCl 

l 

L-Valine 

150 

Thiamine -HC1 

1 

t  Inositol 

Riboflavin 

1 

Heated  fetal  bovine 

serum  107. 

0.1 

Streptomycin 

100  mg/ml 

b12 

0.002 

Penicillin 

100  units/ml 

Three  ampules  were  immediately  opened,  centrifuged,  and  placed  into 
fresh  medium  containing  no  DMSO  to  determine  zero-time  viability.  The 
remaining  ampules  were  placed  in  the  wire  rack  of  the  Linde  liquid  nitrogen 
freezer  (BF-3,  Biological  Freezer)  and  frozen  at  a  rate  of  1  degree  per  min 
to  about  -40  C.  The  frozen  ampules  were  placed  immediately  in  aluminum 
ampule  racks,  covered  with  cardboard  tubes*  and  stored  in  the  Linde  liquid 
nitrogen  refrigerator  (LNR-35)  at  -196  C. 

The  viability  of  frozen  cells  was  determined  by  removing  three  ampules 
for  each  sampling  period  and  thawing  immediately  in  a  40  C  agitating  water 
bath.  Suspensions  were  completely  thawed  in  30  to  55  seconds.  The  ampules 
were  opened  aseptically  by  scoring  the  neck  with  a  file  and  snapping  off 
the  top.  The  thawed  cell  suspensions  were  aseptically  transferred  from 
the  ampule  to  a  50-ml  conical  centrifuge  tube  containing  25  ml  of  fresh 
growth  medium,  centrifuged  for  about  5  min  at  1000  rpm,  resuspended  in  25 
ml  of  fresh  medium,  examined  microscopically,  and  placed  in  Falcon  flasks. 
Cell  suspensions  were  placed  on  the  shaker  and  counted  at  intervals. 


*  Frozen  Semen  Products 


A.  albopf ctus  cells  grown  as  monolayers  were  removed  with  a  0.25% 
solution  of  trypsin,  washed  in  growth  medium,  resuspended  in  fresh  growth 
medium  containing  8%  DMSO,  and  handled  as  the  A.  aegyptl  cells.  These 
cultures  were  incubated  until  full  cell  sheets  developed,  then  trypsinized 
and  the  cell  numbers  were  determined. 


III.  RESULTS 


The  data  presented  in  Table  2  shew  the  results  obtained  when  A.  aegyptl 
cells  were  frozen  and  stored  under  liquid  nitrogen  at  various  concentrations 
of  DMSO.  The  highest  recovery  was  obtained  at  concentrations  of  8%  DMSO; 
however,  satisfactory  recovery  was  also  noted  at  concentrations  of  DMSO  of 
4,  6,  and  10%.  Normal  cell  growth  occurred  after  incubation  of  these 
cultures  for  14  days.  These  results  are  shown  in  Figure  1.  The  peak  yields 
from  these  recovered  cells  were  14.7,  16.1,  15.1,  17.6  x  105  cells  per  *1 
for  cells  frozen  with  4,  6,  8,  and  10%  DMSO  respectively.  The  excellent 
growth  of  cells  preserved  in  10%  DMSO  was  unexpected  in  view  of  these  data 
Indicating  that  8%  DMSO  was  optimal.  We  cannot  account  for  this  phenomenon; 
however,  all  of  these  growth  curves  compared  favorably  with  those  obtained 
with  unfrozen  controls.  Concentrations  of  12  and  15%  DMSO  were  also  used, 
but  at  these  high  levels,  the  DMSO  could  not  be  sufficiently  washed  from 
the  cells  by  the  method  described  and  the  cells  showed  deterioration 
after  Incubation  for  4  days. 


TABLE  2.  VIABILITY  OF  A.  ABGYPTI 
CELLS  STORED  WITH  DMSO 
UNDER  LIQUID  NITROGEN 


%  DMSO 

Concentration 


%  Survival 
1  Week  1  Month 


Incubation,  days 


!'  Crw'th  of  £•  «e«ygtt  Cell.  after  Storage  f 
ttwUrr  Liquid  Kitrogeo  at  4,  6,  «,  and  IQX  DKSO. 


Cells  frozen  at  27.  DMSO  and  with  no  DhSO  showed  no  survival  at  all 
after  storage  for  as  little  as  1  week. 

The  A.  albopictus  cells  that  were  cultured  as  monolayers  and 
resuspended  in  DMSO  fluid  grew  normally  when  thawed  and  replaced  in 
fresh  medium.  A  full  sheet  developed  within  6  days,  giving  about 
60  x  10^  to  75  x  10^  cells  per  flask  from  initial  inocula  of  about 
10  x  10°  per  flask.  These  results  have  been  obtained  consistently. 

Each  culture  was  grown  successfully  through  at  least  three  passages  after 
being  thawed. 

The  ability  of  the  A.  albopictus  cells  to  grow  well  after  storage 
with  8 Z  DMSO  indicated  that  the  results  obtained  with  A.  aegyptl  might 
be  generally  applicable  for  some  other  mosquito  cell  lines. 

Iu  summary,  we  have  shown  that  it  is  possible  to  preserve  insect 
cells  frozen  under  liquid  nitrogen  in  a  hemolymph-free  medium  with 
DMSO  and  recover  them  in  excellent  condition. 
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Aedes  aegypti  cells  grown  as  suspension  cultures  and  Aedes  albopictus 
cells  grown  as  monolayer  cultures  have  been  frozen  and  stored  in  liquid 
nitrogen  with  very  little  loss  of  viability.  Cultures  frozen  in  medium 
containing  8%  dimethylsulfoxi.de  (DMSO)  yielded  93%  viable  A.  aegypti 
cells  after  storage  in  liquid  nitrogen  for  1  month.  A.  albopictua  cells 
preserved  similarly  yielded  a  full  cell  sheet  within  4  to  6  days  after 
thawing  and  were  successfully  carried  through  three  transfers  with  no 
apparent  loss  of  viability.  <  1  ±r 
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